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SIRATOSPHERIC RESIDENCE TINES FROM BALLOON MEASUREMENTS OF WINDS

NORMAN ROSENBERG

UBJE C TIVE

IHE PURPOSE OF THIS PROJECT IS THE MEASUREMENI OF SIRATOSPHERIC TURBULENCE

USING A NEW WIND SENSOR WITH HIGH FREOUENCY RE'.PONSL. THE STATISTICS OF

OCCURENCE OF STRATOSPHERIC TURBULENCE IS A DESIRED INPUT FOR MODELS OF

STRATOSPHERIC RESIDENCE TIMES FOR CONTAMINANTS AND AS AN INPUT FOR MODELS OF

OPTICAL AND RADAR SCATTERING WITHIN THE REGION.

BACKBROJN D

I'REVIOUS STUDIES OF STRATOSPHERIC WINDS ANRE TURBULENCE HAVE USED RADAR-TRACKED

I3ALLOONS AND CHAFF, AND MEASUREMENT OF SMOKE TRAIL DISTORTION AND SPREADING.

CALCULATION OF VELOCITY AND SHEAR FROM THESE TYPES OF MEASUREMENTS REQUIRES

SUCCESSIVE DIFFERENCING OF THE RAU DATA WHICH LEADS TO INCREASING INACCURACY

WI1TH EACH DIFFERENCING. FURTHERMORE THEIR SPATIAL RESOI.UTION IS POOR AND DOES

hUT PERMIT ASSIGNMENT OF SHEARS OVER SMALL HEIGHT IIFFERENCES.

I Ht. DEVELOPMENT OF IHf= CORONA ANEMOMETE (COI:UNAM) UHICH DIRECILY MEASURES A

I OCAL WIND WITH SUBSTANTIALLY NO INERTIA REIrtl:El THE CALCULATION OF SHEAR TO A

!;INGLE DIFFERENCING. THIS INSTRUMENT HAS PEEN CARRIEED ON A NUMBER OF BALLOON

FLIBHTS OF SOME HOURS TO 5rUDY SHEAR STRUCIURE OVER EXTENDED PERIODS DURING

IVALLOON ASCENTS AND DESCENTS IHROU6H A GIVEN ALI!TIJUE R-.GION.

_JI



A 10-HOUR FLIGHT MADE IN APRIL 1977 FROM HOLLOMAN AFB UAS SELECTED FOR FIRST

ANALYSIS. THE PAYLOAD INCLUDED TWO CORONAMS UHICH HAD BEEN CALIBRATED IN

IJIND-TUNNEL LOU-PRESSURE ENVIRONMENT. IT ALSO CARRIED PRESSURE AND TEMPERATURE

SENSORS. THE BALLOON WAS RADAR-TRACKED THROUGH THE FLIGHT WHICH ESTABLISHED XY

AND Z COORDINATES WHICH PERMIT INDEPENDENT ESTIMATES OF VELOCITY AND SHEAR

(WITH LOW FREQUENCY RESPONSE.) THE RADAR DATA IS VERY IMPORTANT IMPORTANT IN

INTERPRETATION OF THE CORONAM DATA.

DATA SELECTION

A DIGITAL [APE UAS PREPARED WHICH MERGED iPAIA FROM !HE PAYLOAD INSTRUMENTS AND

I-RUM THE RADAR TRACK FOR 2300 TIMES BETWEEN 0500 ONm 1500 LOCAL (MST) TIME.

fAHLE I SHOWS THE SPECIFIC DATA AVAILABLE FOR EACH lIME.

IHE ALTITUDE DERIVED FROM THE PRESSURE SENSOR WA cOUND TO DIFFER FROM IHE

tRADAk-MEASUREU ALTITUDE BY UP TO 1000 E ER'. THE MIRE DIRECT ALTITUDE

IEASUREMENT FROM THE RADAR TRACK WAS USED IN IHI: ANALYSIS. CORONAM 2 WAS NOT

I UNCTIONAL, SO ONLY CORONAM 1 WAS AVAILABLE FOR ANALYSIs.

I HE INSTRUMENT PLATFORM WAS3 SUSPI:NDED ABOUI 260 Ml-II RS BELOW THE BALLOON. THE

L;ORONAM MEASURES THE WIND IT SENSES, 10 WHICH MUSI BE ADDED ITS OUN VELOCITY

WHILH 15 THAT OF THE BALLOON TO WHICH If IS SECIIrEII. THIS MAKES POSSIBLE A

I;ALIR.ATION OF THE CORUNAM VELOCITY WHICH MUI B E ETlUAL (EXCEPT FOR

1116H-FREQUENCY CONTENT) TO THE DIFFERENCE BETWEEN RADAR MEASUREMENTS OF BALLOON

VELOCITY AT ]HE TIME OF THE CORONAMETER MEASUR[MENT AND BALLOON VELOCITY AT A

lIME WHEN IT IS 260 METERS LOWER THAN ITS CURRENT ALTITUDE. THIS IMPLIES THAT

I;ALIBRATION OF THE CORONAM CAN BE DONE DURIN(i BALLIOON ASCENTS AND DESCENTS WHEN

IHE REQUIRED RADAR DATA IS AVAILABLE IF WIND CHANGES AT EACH ALTITUDE ARE SMALL

IURING THE INTERVAL BETWEEN THE TWO MEASUREMENTS.

IHE FLIOHT INCLUDED FIVE LE65 UHEKE THE BALLOIN WAS DlECENPIN6 OR ASCENDING

fI'ER A 3000 TO /500 MEIER ALTITUDE INTERVAl. AND ANALYSIS WAS CARRIED OUT FOR

IHESE FIVE LEGS LISTED IN TABLE 2.
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IABLE I LIST OF RAW DAIA ON TAPE H?727

1. LOCAL TIME (MST) HHMMSS 2. ALIIIUDE (METERS' FROM PRESSURE

3. TEMPERATURE (K) 4. PRESSURE (MBAR)

5. CORONAM I VELOCITY (M/S) 6. COURONAM 1 ALIMUIH (DIEU)

7. CURONAM 2 VELOCITY (M/S) 8. CURONAM '2 AZIMUIH (DEG)

9. RADAR ALTITUIT E (METERS) 10. RADAR NONIH (MEIERS)
11. RADAR EAST (METERS)

TAbLE 2 LEtiS )SELECIED FOR ANALYS IS

LEG TIME ALTITU[DE VORl RAW [DATA PTS AV SPACING

UF'IN START END SEC LOW HIGH ['IP MS SCREEN MONOT SEC ALT

1 U 05:06 05:50 2640 17500 25000 /500 2.9 216 215 12 34

2 U 0 ?:51 0 :42 6660 19500 25000 5500 0.6 475 369 18 15

3, 11:23 11:59 2160 1/'00 21200 3/00 -1.7 190 164 12 22
4 0 12:24 14:01 5700 18200 21,00 3300 0.6 326 tV4 2?7 29

D 14:'2 14:42 1200 1/500 20500 3000 -2.5 106 102 12 29

JJAIA SCREEN IN-G

IAW DATA SCREENING WAS DONE BY REJECTING ALL POINTS FOR WHICH NO RADAR DATA

WERE AVAILABLE. ALSO REJECTED WERE ALL POINTS WHERE THE CORONAM READINGS UERE

(:ONSIDERED UNRELIABLE (PRIMARILY BECAUSE OF SCREENING OF THE METER FROM THE

WIND BY PAYLOAD ELEMENTS.) THIS SCREENING REDUCED THE RAW DATA TO ABOUT 1300

POINTS. THEN THOSE POINTS WHICH WERE NOT MONOTONIC IN ALTITUDE WERE ALSO

REJECTED. THE REMAINING 1000 POINTS SHOWED AVERAGE SPACING OF 15 TO 34 METERS,

.;0 AN INTERPOLATION INTERVAL TO FIXED ALTITUDES AT 20 METER SPACING WAS

!iELEC fED.

RAW RADAR POSITIONS WERE SMOOTHED BEFORE INTERFULATION BECAUSE NO MEANINGFUL

hIGH-FREQUENCY CONTENT IS AVAILABLE IN THESE DATA. AFTER INTERPOLATION, RADAR

VELOCITIES WERE COMPUTED FROM POSITION DIFFERENCE/TIME DIFFERENCE BETWEEN

SUCCESSIVE POINTS.

RAW CORONAM READINGS WERE CONVERTED FROM TOTAL VELOCITY AND AZIMUTH TO EAST AND

NORTH COMPONENTS BEFORE INTERPOLATION. THE RAW CORONAM COMPONENT VELOCITIES

UERE PROCESSED BY A SPECIAL FILTER WHICH REJECEID OUILIER POINTS BUT RETAINED

0IRIbINAL RAW VALUES FOR ABOUT 90 PERCENT OF THE DATA IN ORDER NOT TO LOSE ANY

1IGH-FREQUENCY CONTENT IN THE MEASUREMENTS.
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IHE SLOPE AND OFFSET OF THE VDIF COMPONENT PROFILE WAS FOUND BY A LINEAR FIT

ANtI WAS ADDED TO THE CORONAM COMPONENT PROFILE BEFORE CROSS-CORRELATION. THE

SLOPE-ADJUSTED CORONAM PROFILE WAS CROSS-CORRELATED WITH THE VDIF PROFILE,

1SING A FOURIER TRANSFORM WITH 128 POINTS '2.i6 KM OR AT LEAST TWO CYCLES OF

IHE BASIC WAVE) IN A GIVEN CORRELATION. SEPARATE BUT OVERLAPPING CORRELATIONS

WERE DONE BY MOVING THE ALTITUDE WINDOW UPWARDS BY 64 POINTS AS LONG AS DATA

WAS AVAILABLE ON A GIVEN LEG. CORRELATION WAS DONE USING ONLY SPATIAL

I-REUUENCIES TO 1/2 NYGUIST CORRESPONDING TO 80 METERS SINCE NO SIGNIFICANT

11IGHER FREOUENCY CONTENT WAS EPEC TED IN THE RADAR VELOCITY PROFILES.

[HE RESULT5 ARE SUMMARIZED IN TABLE 3 WHICH SHOW CORRELATIONS (IF 80-95 PERCENT

IIEF'ENDINU ON LEG,CGMPONENT AND ALTIIU PE ILOCK. TABLE 3 IS ORDERED IN BLOCKS

HIPTH I'ATA FUR EACH LEG,FOR EACH COMFUNENI AND FOR EACH OVERLAPPING ALTITUDE

IANGE.

IHE CROSS-CORRELA[[ON ALGORITHM GIVES NOT ONLY CORRELATION BUT ALSO GIVES THE

AMPLITUDE OF EACH OF THE TWO PROFILES BEING CORRELATED, AND THE LAB OR

DISPLACEMENT WHERE BEST CORRELATION IS FOUND'. THE LAU WAS MOST FREOUENTLY ZERO

WHICH IMPLIES THAT THE TWO PROFILES ARE BEST-ALIGNED AS TESTED. LAG VALUES

INANGE FROM +1 TO -3 BUT INSPECTION SHOWED THAT ZERO-LAG CORRELATIONS URE ALMOST

AS HIGH, I.E.,LAG ESTIMATES ARE NOT SENSITITIVE NEAR THE CORRELATION NAXIMUM.

THE NEXT COLUMN IN TABLE 3 PRESENTS THE AUIOCORRELATION ZERO OF THE VDIF

f'ROFILES WHICH SHOW TYPICAL VALUES OF 13 POINTS EQUIVALENT TO 260 METERS. (IT

IS A COINCIDENCE THAT THIS VALUE IS EUAL TO THE BALLOON-PAYLOAD SPACING.)

I1 MAY BE NOTED THAT THE SAME CORRELATION TESTS WERE F'ERFURNED FOR SPACINGS OF

;'40,260 AND 280 METERS, AND THAT THE BEST CURRELAIIONS WERE FOUND FOR THE 260

METER SPACING.



TABLE . CORRiLA1ION AND CALIBRA1IUN 01- C;ORONA

JLO LOWEST POINT USED LAU SHIFTr [H 11HIjHEfST CORRELATION
AUTZER AUTOCORREL ZERO CROSSING CORLN :URRELA1ION
RAEPAMP AMPLITUDE (M,'S) VDIF CORA MF' AM I-'l I U E M!5' COR'JN AM
AMPPAI RATIO OF AMF'!.ITUIES

LOO' 2 AFTER CORRECTION
IEG,ALO,AII= 1 17480. 25000.

JLO LAG AUTZER CURIN RADAMP CURAMP AMI-'RAT LAi AUIZER CORLN CIRAMP AMPRAT
I-AST 1 0 14 .91 2.85 2.24 1.27 0 14 .92 2.93 .97

65 1 14 .95 2.56 2.12 1.21 1 14 95 2.75 .93
0 II .92 1 .90 1 .18 .Q 4 Q 11 92 2.30 4

193 0 36 .90 1. .Y I0 .99 0 6 .89 2.2? .79
1 13 .84 1 .69 1.30 1.30 1 13 .85 1.60 1.06

NORTH 1 0 11 .90 .73 1.88 1.45 0 11 .90 2.47 1.10
65 0 12 .92 2.50 1.69 1.48 0 12 .92 2.18 1.15

129 0 12 .92 2.61 1.82 1.43 0 92 2.3 "  12

193 0 13 .88 1.93 1.26 1.52 0 13 .68 1.61 1.20
257 2 16 .81 1.40 1.02 1.3/ 16 .81 1.28 1.10

FITTED CORRECTION ALU,AMID,AHI= 1.33 1.29 1.24 AMID,AHI =  1.00 1.01

LEG,ALU,AHI= 2 19500. 25000.
EAST 1 -1 16 .87 2.90 .64 4.'I -1 16 .89 2.56 1.11

65 -1 29 .96 2.38 ).13 2.10 -I 19 .96 2.54 .94
129 -1 16 .91 2.56 1.38 1. 85 Q 16 .94 2.63 .9
193 -1 18 .92 1.85 1.17 1.1)8 0 18 .94 1.64 1.13

NORI H 0 15 .92 2.45 .53 -.65 0 15 .94 2.10 1.1,
- 14 .81 2.10 .80 2.62 14 .87 1.7? 1 19

I.,' -2 14 .- 4 2.3 1.411 1 .'9 1 14 .88 ,.14 1 .10
193 -1 15 .90 1.89 1.43 1.32 Q 15 .90 1.7 1 .0,

FITTED CORRECTION ALU,AMID,AHI= 5.79 2.69 1.24 AMID,AHI= 1.09 1.06

LkU,ALt),AHI= 3 17700. 21160.
EAST 1 -2 11 .84 3.63 1.10 3.0? 2 11 .85 3.35 1.09

-3 12 .136 3.19 12) .12 -2. I . .88 2.,' I. .15
NOIR I H 1 -2 11 .93 3.32 l.' .13 11 .94 3.06 1 .09

65 -3 12 .F4 2.44 .9) 2.66 1 12 .86 2.09 1.1,
FI1 .0 CORRECT ION ALL,AMI[D,AHIz 3.96 .(.)g .'.A8 AMID,AHI'= 1.10 1.20

LEG,ALU,AHI= 4 18280. 214180.
IAS l 0 1 1 .85 3.16 2.84 1.11 1, .85 3.31 .95

65 0 .9 2.4? '. .91 . 2 .98 2.88 .86
NORTH 1 0 12 .B4 3.38 2.41 1. 56 12 .83 2.94 1.15

65 0 3 96 2.69 .1 1 8 1,'1 .96 2.33 1.16
f! iTFI CORRECTION AL (,0 AM 1ID. AlI= .3I I 3y .,4 ,MTI ,AHI: 1.04 .98

LEi,ALO,AHIm 5 1?480. .O O0.
LAST 1 -2 1 .81 /.3 .15 1.Oi -2 1V .78 2.05 1.1?

65 -2 14 .95 1.97 1.13 1.94 -2 14 .94 1.7.) 1.14
I.8RTH 1 -I 12 .8 1.8?l. 1.00 1.86 -1 1 .83 1.7Y 1.04

65 -2 I! .90 1.38 .sH 1.56 -1 11 .92 1.33 1.03
FIII L1 CORFECT ION AL P , AMIAhI "I.35 I1.Y5 1.60 AMID,AHI= 1.10 1.08
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IHE RMS AMFLITUDES OF THE CORUNAM UA5 FOUND TO BE SUBSTANTIALLY LOWER THAN THAT

[IF THE VDIF PROFILES, AND THIS AMPLITUDE RATIO CAN BE APPLIED AS A CALIBRATION

0 THE CORONAM DATA. THE PMPLITUDE RATIOS FOR THE TWO COMPONENTS OF A GIVEN LEG

WERE MFRGED INTO A LEAST SOUARE BEST-FIT VS ALlITUDE. THE RESULTING CORRECTION

TS LISTED FOR LOW, MIDPOINT AND HIGH ALTITUDES BELOW THE LEG DATA BLOCK IN

TABLE 3. HIGHEST CORRECTION FACTOR WAS IN THE LOW-ALTIDUDE REGION OF LEG 2

UHERE A AMPLITUDE RATIO OF 5.8 WAS FOUND, IAPERING TO 1.2 AT THE HIGHEST

fiL.!I UVE OF THIS LEG. IN OTHER WORDS,THE CORUNAM SHUJS AN EXCELLENT SENSE OF

IIIREUTIUN BUT ITS AMPLITUDE VARIES FROM lIME T0 TIME WITHIN THE SAME LEG AND

BETWEEN LEGS IN A MANNER WHICH CANNOT BE EXPLAINEU Al THIS TIME.

! I URE 4 SHOWS VERTICAL PROFILES OF ONI6INAL CORONAM,LUNRECTED CDRONAM,CORONAM

'HEAR AND RADAR VDIF PROFILES FOR LEGS 1 AND 2. 1ISURE 5 SHOWS CORRECTED

T;ORONAM PROFILES AND THE RADAR PROFILES AT A DIFFERENT SCALE TO POINT OUT MORE

LLEARLY THE HIGH CORRELATION BETWEEN THE IWU FROFILES At-TER CORRECTION.

A SECOND CORRELATION LOOP WAS rESTL USING THE CURRECII:D AMPLITUDE VALUES OF

THE CORONAM WITH THE VDIF VALUES FROM THE RADAR. RESULTS ARE LISTED IN THE LAST

5 COLUMNS OF TABLE 3 AND SHOW THAT AMPLITUDES WERE WITHIN T0 PERCENT OF THE

I(ADAR VUIF AND RETAINED HIGH CORRELATION AND LOW LAU DIFFERENCES.
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SHEAR CONTENT AND RICH6. (0 NUMbERS

[HE CALCULATION OF VEI[CAL SHEAFP AND RICHAIUSON NUMEPER REPUIRE5 COM-API .1fI

WITH THE BRUNT-VAISSILI FkEJUENCi AS ITHE IASIS FOR ESTIMATING REGIONS U1111

TURBULENT CONTENT. THE FRUNI-VAISSILI FREOUENCY IS 6IVEN Bf:

FREQ (I/SEC) = SQRT L U/I * ( IITDZ-UIALlIAH !DL) I
WHERE 6 IS THE GRAVITATIONAL CONSTANT (9.8 M'.T/SEC/SEL)

T IS THE TEMPERATURE ( DEG KELVIN)
DTDZ IS THE LOCAL TEMPERAIURE GRADIENT
DTADIAB/DZ IS THE ADIABATIC LAPSE RATE (-.0095 DEE/ME[)

THE BRUNT PERIOD 15 THE RECIPRUCAL U- THE FRELUENCY AND 15 A TIME CONSTANT IN

SECONDS AS A RESTORING FORCE FOR ANY LOCAL PERTURBAIION. THE FREIIUENCY I TSELF

CAN BE CONSIDERED AS A BRUNT SHEAR MET/SET>/MLT UHICH IS RELATED I THE

RICHARDSON NUMBER=(BRUNT SHEAR/LOCAL SHEAR)**2. 1T I CONVENIENT IU EXFRESS THE

SHEAR VALUES IN (MET/SEC)/KM. TABLE 4 PRESENTS THE EXPERIMENTAL ObSERVAIIONS UF

TEMPERATURE,DTDZ AND THE RESULTING PERIOD AND SHEAR FOR LEG 1.

TABLE 4 BRUNT PERIOD AND SHEAR VS ALTITUDE

ALT TEMP DIDKM SEC SHR M/S/KM
18000 212.19 -1.96 53.67 18.63
20000 212.73 -3.28 59.0/ 16.93
22000 215.23 3.20 41.59 24.0'
24000 218.88 -.5 1 1O.02 19.Y9

FIGURE 6 SHOWS RESULTS OF SPATIAL FREQUENCY ANALYSIS OF THE CORRECTED CORUNAM

COMPONENT PROFILES FOR ONE CASE. THE AMPLITUDE FALLS OFF Ab EXPECTUt UNTIL

ABOUT 300 METER WAVELENGTH. AT SHORTER WAVELENGTHS, I.E. HIOHER FREQUENCIE5,

THE AMPLITUDE IS NEARLY-CONSTANT. THIS BEHAVIOUN IS A SIGN THAT THE DATA At

"THESE HIGHER FREQUENCIES IS WHITE NOISE, AND MAY BE INSTRUMENTAL RATHER THAN

ANY TRUE VELOCITY VALUE. FIGURE 6 ALSO SHOWS THE EFFECT OF PROCESSIND lHE

PROFILE WITH A LOW PASS FILTER LUNSISTING OF 2 PASSES WlIH A 5-PUINI (100

METER) RUNNING AVERAGE, AND THE AMPLITUDE OF THE RESIDUAL, I.E., THE DIFFERENCE

BETWEEN ORIGINAL AND SMOOTHED PROFILES. THE AUTOCORRELATION OF THE RESIDUAL HAD

ITS ZERO AT A SPACING OF 1 UNIT, ANOTHER SIGN THAT IT REPRESENTED WHITE NOISE.

THE AUTOCORRELATION ZERO OF THE SMOOTHED SIGNAL REMAINED UNCHANGED FROM THAI OF:

THE ORIGINAL.
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P CAU A SE UF IHI.S NUISIE- CUNTEN I, D.[FI- EldE I 1-A' IN' l5 U1LI'1 'Ei-.1 FUR CALCULATION OF

',HEAR, BRUNT FREOUENCI AND RICHARISON NUMfFR. it I.) i A l bPAC IN' F 1,2,4,8

fiNi' 16 FU1IN b (20, 40,8,V,160,AND 320 rEIE S' 'flIU 11 '-E INC, CONt1ENI OF HI3H

',HE 4 , SHUJN IN fILUIRE ,' AND I AILE 5 ANi 6. NtH lARt St)(, NttMF.R3 OF 0.25 tCCUR

h' EAk5 UF 4,1 -5 1 s M!5tKM [ILEPLNIINU TIN IEM'I',IU IRE UHAUIENI. AS CAN BE SEEN

I iOm 1ABLE 6, ONE CAN AY THAI 41 FLI OF [HE S1T-1AIIJSPHEN1: 19 TURBULENT BY USING

:EA" Al 20 METE IEN PACING, OR [HAT 20 PUI IS TURIBULLNI AT A SPACING OF 80

mELTI41 , OR I 1 H I Al A S-ACING Of- 320 METERS.

THI1TH :',-' At; IN6 5HOULD BL (SUNS I ERI. '. A3 NJEPLRES,) II I T L I HE TRUE SHEAR CUONTENI

(if THE ATMOSPHERE WILL LIEFEND UPUN A UE IIE ' UNIEE5IAN 1NG AND CONTROL OF IHE

,UCS ES OF IHE NOISE IN IHE LORONAM MEASURE4LNIS.

IAELE 5 CUMULATIVE ['IS RIBUIIU N UIT SHEAIRS ((M.'A.. 'S -ACING IN METERS

SPAC PNT I M W IHL 5HR,- ,'0 40 60

20 1060 1000 985 V53 893 8i. '46 65, tti 514 4.1I 3 j 341 .06 262 212 18, 151 1.3 112

40 T1,O 5 1000 Y83 Y39 0,;/ ,q1 ! 03 623 '23' 15 '3 11 1 243 !98 160 12? 101 86 -3 5!

80 1045 1000 Y82 910 820 /13 602 488 36e 6., 2C2 14, 0 P'3 76 55 3.3 27 21 16 13

160 1025 1000 Y66 8Y4 '62 623 460 319 201 10v i l' 23 12 6 4 3 3 3 3

V.O '951000 Y41 81 1 642 4'.'. A5 .0 ., 2 2 0 0 0 0 0 0

IABLE 6 CUMULA IVE LI1SIRIHUIION Uf SHEAR O TA KlLHA0'IIJON NUMBLR,0.25

5PA, PHIS [UM WIIH SH'/SHCK;.5 1.' 1.5

20 1060 1000 Y2 y51 882 804 718 626 54,/ 19 44,7 384 ,2-5 284 240 212 183 151 131 110

40 1055 1000 Y 9 935 862 770 680 590 515 41 355 2Y 237 IY6 154 12Y 105 82 66 49

80 1045 1000 Y,''? 02 Y6 688 b80 452 358 2t b 194 134 ?5 71 52 37 2 17 12 11

160 1025 1000 ?63 873 739 ;'' 440 2Y8 200 121 4 45 !1 16 11 6 3 3 3 3

320 985 1000 ?33 78Y 621 3 3 2.)2 114 44 I 1 5 2 1 1 0 0 0 0 0

I2-
I1




